Objective: The aim of this study was to further characterize surround inhibition (SI) in the primary motor cortex (M1) by comparing its magnitude and time course during a simple reaction time task (SRT) and a choice reaction time task (CRT). Methods: In both the SRT and the CRT, subjects performed the same right index finger flexion in response to an acoustic signal. For CRT, the alternative choice was a similar movement using the left index finger, as distinguished by a different tone. In both tasks, single pulse transcranial magnetic stimulation (TMS) was applied at rest, 75 ms (T1) and 25 ms before EMG onset (T2), and during the first peak of EMG (T3) in the right first dorsal interosseous muscle (FDI). Motor evoked potentials (MEPs) were recorded from both FDIs, which act as synergists in the task, and the right surrounding, relaxed abductor pollicis brevis muscle (APB). Results: For right hand movement, SI started earlier and was more pronounced for CRT compared to SRT. For left hand movement in the CRT, SI was similar to that of right hand movement. Conclusions: We conclude that SI occurs earlier and stronger with increasing task difficulty. Significance: The timing as well as the bilateral effect of the inhibition suggests that motor areas involved in motor planning, proximate to the motor cortex, contribute to the genesis of surround inhibition.
Introduction
Surround inhibition (SI) is a neural mechanism, first described in the visual system, to focus neuronal activity (Angelucci et al., 2002) . In the retina, cells are excited by light that falls in the center of their receptive field, while light in the peripheral areas of the receptive field has an inhibitory effect on the same cell. SI has been described in the primary motor cortex (M1) (Hallett, 2004; Sohn and Hallett, 2004b) and deficient SI seems to be a component of the pathophysiology of focal hand dystonia (FHD) (Sohn and Hallett, 2004a; Stinear and Byblow, 2004; Beck et al., 2008) .
Using single pulse transcranial magnetic stimulation (TMS), motor evoked potentials (MEPs) in the active muscle are facilitated before and during movement (Rossini et al., 1988; Tomberg and Caramia, 1991) , whereas MEPs in antagonist muscles (Hoshiyama et al., 1996) and the contralateral homologous muscle (Leocani et al., 2000) are inhibited in a time interval from 60 to 100 ms before EMG onset. While the time course of MEP modulation in the active muscle appears to be independent from the type of task that is performed (simple reaction time task, choice reaction time task or go/no-go-task) (Leocani et al., 2000) , the amount of change in M1 excitability increases with increasing expectancy of a response signal in the muscle to be activated (van Elswijk et al., 2007) . Synergistic muscles show the same type of modulation as prime movers (Sohn and Hallett, 2004b) .
At this point, the timing as well as the exact mechanisms underlying the genesis of SI is unclear. There is evidence that the inhibition of unwanted movements can be modulated by volition (Liepert et al., 1998) and differs between tasks (Sohn et al., 2002) . One possible mechanism is the so-called short intracortical inhibition (SICI), which reflects the inhibitory effect from the local GABA A -ergic inhibitory interneurons in the primary motor cortex (M1) and can be assessed using paired-pulse TMS (Kujirai et al., 1993; Di Lazzaro et al., 1998) . Findings on the contribution of SICI to SI are controversial; while one study reported an up-regulation of SICI synchronous with SI, others did not (Beck et al., 2008; Sohn and Hallett, 2004a) . This difference in result may be due to differences in tasks, target muscles as well as stimulation parameters. Alternatively, other motor areas, such as the contralateral primary Abbreviations: APB, abductor pollicis brevis muscle; CRT, choice reaction time task; PMd, dorsal premotor cortex; FDI, first dorsal interosseous muscle; F max , maximum force; MEP, motor evoked potentials; PMI, premotor-motor inhibition; M1, primary motor cortex; SICI, short intracortical inhibition; SRT, simple reaction time task; SMA, supplementary motor area; SI, surround inhibition; TMS, transcranial magnetic stimulation; PMv, ventral premotor cortex.
